and Ru(dmpe) 2 (C CPy) 2 (3) S6 were synthesized according to the literature procedures.
Instruments NMR spectra were recorded on Bruker biospin AVANCE 400 MHz spectrometers ( 1 H 400 MHz, 31 P 162 MHz) or Bruker biospin ASCEND-500 ( 13 C NMR 126 MHz). Solvent for NMR measurements were dried over molecular sieves, degassed, and stored under nitrogen. GC-MS and ESI-TOF-MS were performed on Shimadzu Corp. PARVUM2, and Bruker micrOTOF II, respectively. UV-Vis and IR spectra (KBr pellets) were obtained on a JASCO V670DS and FTIR 4200 spectrometer, respectively. Electrochemical measurements (CV and DPV) were made with a Hokutodenkou HZ-5000 analyzer (observed in CH 2 Cl 2 ;
[complex] = ca. 1 × 10 −3 M;
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Break junction process
The typical conductance traces obtained from STM-BJ measurements of 1-3 are shown in Figure S2 . Immediately after the separation of the STM-tip and the gold substrates (A), where the conductance is 1 G 0 , the conductance decreases with the increase of the stretch length. When a molecular junction forms (B), a step is observed at the position corresponding to the conductance of the molecule. The stretch length continues to increase, and then the molecular junction breaks (C). The length of the conductance plateaus indicates the length of the contact period of molecular junctions (B), which does not always correspond to the molecular length. In particular, for the Ru wires 1-3, the relatively bulky phosphine and phosphite ligands make the junction formation difficult and the contact periods become much shorter than those of molecular lengths of 1-3. Figure S2 . Typical conductance curves for blank (black), 1 (purple), 2 (red) and 3 (green) in tetraglyme solution. Allows indicate the position of the corresponding molecular junctions (B).
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III. Synthesis
Synthesis of 1
To a mixture of cis-RuCl 2 (dppe) 2 (500 mg, 0.514 mmol) and NaPF 6 (259 mg, 1.54 mmol) in CH 2 Cl 2 (30 mL) in the presence of molecular sieve 4A was added a triethylamine (1 mL) solution of 4-ethynylpyridine (159 mg, 1.54 mmol) and the resultant mixture was sttirred for 2 days at room temperature. The reaction mixture was evaporated in vacuo and the residue was washed with methanol and with pentane to give orange solid, which was dissolved in CH 2 Cl 2 and precipitated with methanol to give 1 (163 mg, 0.147 mmol, 29%). The product is pure enough to be used for various measurements. The analytical pure sample and crystals for X-ray analysis were obtained by slow diffusion of methanol into CH 2 Cl 2 solution of 1. 1 Figure S4e . A part of HSQC spectra of 2 (500 MHz, CD 2 Cl 2, r.t.) Figure S4f . ESI-TOF MS spectrum of 2.
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IV. Spectroscopy and Electrochemical Study
HOMO and LUMO of 1-3 were determined by the onset of the oxidation potential of cyclicvolatammograms and UV-Vis absorption spectra. Figure S5 . Cyclicvoltammograms of 1-3 in CH 2 Cl 2 . Figure S6 . UV-Vis spectra of 1-3 in CH 2 Cl 2 .
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IV. X-ray Diffraction Analysis Method
Data collection and structural analysis of single crystals were performed on a Bruker Smart Apex II Ultra. All data were collected at -183 C. SHELXL crystallographic software package was used to solve the structure. Figure S7 . Ortep drawings of 1•(CH 2 Cl 2 ). Hydrogen atoms are omitted for clarity S17 V. DFT calculation Computational conditions for molecular orbital calculations in the isolated condition DFT calculations were performed by using the Gaussian 09 (D01) program package.
S7
Optimization of the geometries was carried out with the B3LYP/LanL2DZ (for Ru) and 6-31G* (for C, H, N, P) levels of theory and single point calculations were performed at the B3LYP/LanL2DZ (for Ru) and 6-311+G(d, p) (for C, H, N, P) levels of theory. The calculations were performed under vacuum conditions. No imaginary vibrational frequency was found in the vibrational frequency analysis for the optimized geometries.
As noted in the main text, LUMO to LUMO+2 of 1 are mainly localized on the dppe ligands, reflecting the electron accepting ability of dppe ( Fig. S8 and S9 ). Because the ligand-localized orbitals should not be involved in conduction mechanism, we mainly discussed on LUMO+3 of 1 for comparison. For 2 and 3, P(OMe) 3 -and dmpe-based orbitals are observed in LUMO+2 and LUMO+3, respectively, though the energy levels of the orbitals are much higher than that of LUMO of 1. 
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Computational conditions for electron transport calculations for Au-molecule-Au junction structures
DFT calculations for electron transport were performed by using the Gaussian 09 (D01) program package S7 and the non-equilibrium Green's function (NEGF) method in a level-broadening approach. S8 B3LYP/LanL2DZ (for Ru) and 6-31+G(d) (for C, H, N, P) levels of theory were adopted for the transport calculations. The computational procedure in the level-broadening approach is as follows. I. Structural optimization of cluster models for Au-molecule-Au junctions. II.
Determination of the cluster sizes and scattering regions. III.
Calculations of transmission functions with the NEGF method.
In
Step I (structural optimization), a small cluster model was adopted. Figure In this way, we can construct reasonable Au n -molecule-Au n models even for large molecules. Note that the structural relaxation of molecules 1, 2, and 3 in the isolated conditions have to be done at first. 
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Step II is related to the computational procedure in transmission calculations in
Step III, and thus we firstly introduce the essence of the NEGF method with the broadening approach.
1) The cluster model for a molecular junction is composed of a left metal cluster, a sandwiched molecule and a right metal cluster, as shown in Fig. S12(a) .
2) The sandwiched molecule and some metal atoms in both clusters are defined as an extended molecule (EM in Fig. S12(a) ).
3) Metal cluster atoms except for the metal atoms in the EM region are recognized as electrode clusters, and the density of states of the metal clusters are broadened (i.e., level-broadening) to obtain Green's functions of the metal clusters. 4) Broadening parameters for the metal clusters are chosen so as to show a reasonable conductance in a reference system (e.g., 2e 2 /h in a one-dimensional gold chain).
5) The size of the metal cluster and EM region are determined to hold the condition that the calculated conductance is almost insensitive to those sizes. which was already determined in a separate calculation for the one-dimensional gold chain. S8 The calculated conductance of BDT junctions together with the experimental value is listed in Table S1 . Fig. S12(a) 
